Background: To examine the association between body mass index (BMI) and the risk for falls and hip fractures among nursing home (NH) residents. Methods: A cohort study of newly admitted NH residents, excluding those with a prior history of hip fracture. Using the Minimum Data Set 2.0 (2006-2010), we determined the occurrence of new falls and hip fractures among NH residents during their first 3 months of stay. Residents were categorized as underweight (BMI < 18.5), normal-to-overweight (18.5 ≤ BMI < 30), mildly obese (30 ≤ BMI < 35), and moderately-to-severely obese (BMI ≥ 35). Results: Among newly admitted NH residents over the first 3 months, 51.1% of underweight residents, 53.1% of normal-to-overweight residents, 49.1% of residents with mild obesity, and 43.1% of residents with moderate-to-severe obesity experienced a fall; 3.1% of underweight residents, 2.5% of normal-to-overweight residents, 1.5% of residents with mild obesity, and 1.1% of residents with moderate-to-severe obesity experienced a hip fracture. In comparison with normal-to-overweight residents, after adjustment for resident-level and facility-level characteristics, mildly obese residents (odds ratio 
Between half and three-quarters of nursing home residents fall each year, which is two to three times the rate among older adults living in the community (1) (2) (3) . Between 10% and 20% of these falls are associated with serious injuries, with 2%-6% leading to fractures (2, 4, 5) . Falls in nursing home residents frequently result in transfer to the emergency room, hospitalizations, long-term disability, and death (6) (7) (8) (9) (10) . In addition, increased health care costs are an important consequence of falls; even noninjurious falls can increase the costs of care because of the staff time required for assessment, observation, and reporting (11, 12) .
Most studies have focused on the relationship between obesity and falls in community-dwelling older adults, but not in the nursing home population. Obesity may increase fall risk in older adults through a variety of postulated mechanisms including lower levels of physical activity, greater levels of pain, increased difficulty with postural control, and vitamin D deficiency (13) (14) (15) (16) (17) (18) (19) (20) . However, there is conflicting evidence about the association between obesity and fall-related injuries. Some studies have reported that obesity may be protective against fractures resulting from falls, while others have suggested that obese adults are at increased risk for falls and fallrelated injuries (21) (22) (23) (24) .
The purpose of the present study was to examine the relationship between body mass index (BMI) and falls and hip fractures in newly admitted residents of U.S. nursing homes within the first 3 months of admission, hypothesizing that obese residents are at increased risk for these types of events.
Methods

Data Sources
This study used the Minimum Data Set (MDS) 2.0 for all nursing home residents in Medicare-and/or Medicaid-certified U.S. nursing homes from 2005 through the third quarter of 2010. The MDS contains more than 350 assessment items for each resident. Assessments are performed by facility staff upon admission and then on a quarterly basis as long as the resident remains in the facility. Validation studies have shown that MDS records are reliable and meet general criteria for data accuracy (25, 26) .
The MDS assessment data were linked with the Online Survey, Certification, and Reporting (OSCAR) file. OSCAR is a facilitylevel database maintained by the Centers for Medicare and Medicaid Services (CMS) that contains information on nursing home characteristics (eg, facility size and ownership), as well as quality violations measured by deficiency citations. OSCAR data are generally accurate and thus widely used for quality evaluations and policy analyses (27, 28) .
Study Sample
The objective of this study was to examine the relationship between body mass index (BMI) and the risk for falls or hip fractures among nursing home residents during the initial 3-month period following admission to the facility. Newly admitted residents were defined as those who did not have a nursing home stay in the year before admission (ie, no MDS records in the prior year). We followed this cohort to the time of the first quarterly assessment. We chose this short period of follow-up because this transition period, either from home or hospital, is generally considered a high-risk period for adverse events as the resident adapts to a new environment.
We identified 2,900,975 newly admitted residents from 2006 through 2009. Residents who had multiple admissions to nursing homes during the study period were included only once by choosing the earliest admission that had the required first quarterly assessment. Residents were excluded who had no quarterly assessments (N = 1,160,390), those with missing body weight or height data (26, 599) , and those for whom there was not a valid facility identification number (N = 85,731). Residents with report of a hip fracture before admission were also excluded from the sample (N = 107,738). The final sample included 1,520,117 residents ( Figure 1 ).
Measures
Outcomes of Interest: Falls and Hip Fracture
The occurrence of new falls was defined as an indication in the first quarterly assessment that the resident "fell in the past 30 days." In MDS 2.0, the occurrence of hip fracture "in last 180 days" is recorded in the admission and quarterly assessments. As residents with a reported history of hip fracture before admission were already excluded from our sample, the occurrence of hip fracture in our study was defined as the indication of a "hip fracture in the last 180 days" in the first quarterly assessment (with no such indication in the admission assessment).
BMI-Based Categories
For each resident, we employed measured body weight and height information, as specified in the admission assessment, and calculated BMI as body weight in kilograms divided by the square of the height in meters. Individuals were categorized as underweight (BMI < 18.5), normal-to-overweight (18.5 ≤ BMI < 30), mildly obese (class 1 obesity; 30 ≤ BMI < 35), and moderately to severely obese (class 2 or higher; BMI ≥ 35) (29).
Resident-Level Characteristics
Resident-level characteristics were based on information specified in the admission assessment and included age, gender, race (white non-Hispanic, black non-Hispanic, Hispanic, and other), and marital status (married/other status). Functional status was characterized according to the total number of dependencies in six basic activities of daily living (ADLs), including dressing, eating, toilet use, bathing, transfer, and continence. Cognitive impairment was defined as a Cognitive Performance Score (CPS) of 3 or greater. Mobility impairment was defined as whether the resident was characterized as not having "walked in room" and not having "walked in corridor" during the 7-day period preceding the first quarterly assessment. Medical conditions of interest included cardiovascular disease (CVD), chronic obstructive pulmonary disease (COPD), stroke, arthritis, Alzheimer disease, dementia, depression, renal failure, diabetes, and vision impairment. We also considered two variables relating to use of medications that may be associated with increased falls risk: (a) whether or not the resident took antipsychotics during the 7 days before nursing home admission; and (b) whether or not the resident took any antianxiety, antidepressant, or hypnotic drugs during the 7 days before nursing home admission. Residents were also characterized according to whether there was a history of falls before admission, and whether they were admitted from the hospital.
Facility Characteristics
Facility characteristics of interest included facility size, ownership (nonprofit, for-profit, government-owned, or undefined), chain affiliation (yes/no), the number of Certified Nursing Assistants (CNAs) per resident-day, and the total number of deficiency citations. Note: BMI = body mass index; ADL = activities of daily living; CPS = cognitive performance score; CVD = cardiovascular disease; COPD = chronic obstructive pulmonary disease.
Statistical Analysis
We compared the characteristics of residents across the different BMI-based categories. We then examined the association between these BMI-based categories with the occurrence of new falls and hip fractures in a series of adjusted analyses, with normal-to-overweight as the reference category. These models used the individual resident as the unit of analysis and sequentially adjusted for resident characteristics measured at admission and for facility-level characteristics. Mixed effect logistic regression models controlled for random and fixed effects to account for unmeasured facility characteristics. Model 1 included residents' demographic characteristics including age, race/ethnicity, and marital status. Clinical, medication use, functional, and mobility characteristics, and admission from the hospital were variables included in Model 2. Facility-level characteristics were included in Model 3. A similar analytic approach was used to examine the association between the BMI-based categories and the occurrence of hip fracture. We also performed stratified analyses to examine whether the association between the BMI-based categories and the respective outcomes of interest (falls and hip fracture) differed between male and female residents, and between residents who had a history of falls and those who did not have such a history. We repeated these analyses for different age groups (≤54, 55-64, 65-74, 75-84, and ≥85).
All analyses were performed using SAS 9.3. The mixed effects logistic models were performed by a GLIMMIX procedure. The University of Massachusetts IRB deemed this study exempt from review.
Results
The overall study sample numbered 1,520,051 with a mean age of 78.1 years (standard deviation = ±13.7). Sixty-four percent of the samples were female. As detailed in Table 1 , 10% (N = 153,204) of the study sample were underweight, 69% (N = 1,044,306) were normal-to-overweight, 12% (N = 177,119) were mildly obese, and 9% (N = 145,488) were moderately-to-severely obese. Resident characteristics varied substantially according to these different BMI-based categories. Residents with moderate-to-severe obesity were substantially younger than residents in the other BMI-based categories and were more likely to be female. While more obese residents had a higher prevalence of cardiovascular disease, arthritis, diabetes, and kidney disease, there was a lower prevalence of dementia and vision impairment. Residents with moderate-to-severe obesity had a lower prevalence of moderate-to-severe cognitive impairment, but a higher prevalence of mobility impairment. Moderately-to-severely obese residents were also least likely to have a history of falls at the time of admission.
As summarized in Table 1 , use of antipsychotics before admission was lower among moderately-to-severely obese residents compared with those who were normal-to-overweight and mildly obese, but similar to underweight residents. However, use of antianxiety, antidepressant, or hypnotic medication before admission was greatest for moderately-to-severely obese residents.
As summarized in Table 2 , among newly admitted nursing home residents, 51.1% of underweight residents, 53.1% of normal-tooverweight residents, 49.1% of residents with mild obesity, and 43.1% of residents with moderate-to-severe obesity experienced a fall. Among newly admitted residents, 3.1% of underweight residents, 2.5% of normal-to-overweight residents, 1.5% of residents with mild obesity, and 1.1% of residents with moderate-to-severe obesity experienced a hip fracture.
After adjustment for demographic, clinical, functional/mobility, medication, and facility-level characteristics, residents with mild obesity and those with moderate-to-severe obesity were significantly less likely to experience falls compared with normal-to-overweight residents Table 3 , model 3). No significant differences were observed for underweight residents compared with normal-to-overweight residents. After adjustment for demographic, clinical, functional/mobility, medication use, and facility-level characteristics, residents with mild obesity and those with moderate-tosevere obesity were also significantly less likely to experience a hip fracture compared with normal-to-overweight residents (OR = 0.65 [95% CI = 0.63-0.68] and OR = 0.62 [95% CI = 0.57-0.63], respectively; Table 3 , Model 3). Underweight residents were significantly more likely to suffer a hip fracture compared with normal-to-overweight residents (OR=1.22 [95% CI = 1.
18-1.26]).
Associations between BMI-based weight categories and falls and hip fracture persisted within groups specified according to gender, prior history of falls, and age (Tables 4 and 5 ).
Discussion
The population of Americans residing in nursing homes has not been immune from the nation's obesity epidemic. The prevalence of obesity among individuals admitted to U.S. nursing homes increased from less than 15% in 1992 to 26% in 2009; the prevalence of moderate-to-severe obesity increased from 2% in 1992 to 25% in 2010 (30) (31) (32) . The rising prevalence of obesity among nursing home residents poses important challenges for nursing homes in providing resident care. For example, obese residents may have increased difficulty moving and maintaining balance, requiring additional staffing for assistance with activities of daily living (32, 33) . In pursuing this investigation, we postulated that obese residents may be at increased risk for falls and hip fractures for these reasons. The present study examined the association between BMI and the risk for falls and hip fractures among newly admitted nursing home residents. After adjusting for a variety of clinical and functional characteristics, including potentially confounding factors such as mobility and cognition, we observed that compared with normal-to-overweight residents, residents with mild or moderate-to-severe obesity were less likely, while underweight residents were more likely to experience falls or hip fracture, over the 3-month period following admission. We also found that underweight residents were more likely to experience a hip fracture compared with normal-to-overweight residents. While the absolute differences in risk across the BMI-based categories for falls and hip fractures may be modest, the impact of these associations at a population level may be substantial.
Our findings are interesting when compared with those of a study conducted in community-dwelling older adults (34, 35) . Data from the Health and Retirement Study indicated that older adults with mild, moderate, and severe obesity were at increased risk for falling compared with normal weight individuals. Severe obesity was associated with a lower propensity for a fall-related injury, conditional on falling. Being underweight was not related to risk for falling or reported injury (18) .
One possible explanation for our finding of a reduced risk for falls and hip fracture in obese nursing home residents is that more obese residents are more sedentary than less obese residents. We found that the prevalence of mobility impairment was greater among those with moderate-to-severe obesity. However, controlling for mobility impairment did not affect the associations we observed between BMI and the risk for falls and hip fracture. Of note, it has been reported that obese residents of nursing homes are at greater Table 2 ), including BMI-based categories, residents' demographic characteristics (age, gender, race/ethnicity, and marital status), diagnoses (cardiovascular disease, chronic obstructive pulmonary disease, stroke, arthritis, Alzheimer's, dementia, depression, renal failure, diabetes, vision impairment), information on medication (indicator for antipsychotic use at admission, and indicator of use of antianxiety, antidepressant, or hypnotic), admission from hospital, and history of fall at admission, moderate to severe cognitive impairment, activities of daily living [scores], and mobility impairment, and facility-level characteristics (ownership, chain affiliation, proportion of Medicare residents, proportion of Medicaid residents, bed size, deficiencies, Certified Nursing Assistant hours per resident day). BMI: body mass index; CI = confidence interval; OR = odds ratio. risk for developing pressure ulcers, possibly in part due to reduced mobility (36) . Obese residents may require more staff hours and more staff for care, as compared to nonobese residents (32, 33) , and it is possible that in the context of limited or inadequate staffing obese residents may be less likely to be encouraged to ambulate, contributing to a reduced risk for falls and fractures from a standing position and therefore lower risk of fractures. Obese patients may require a differential approach to physical therapy at nursing home admission or need tailored guidelines for managing transfers and ambulation in the residential setting.
Several limitations of our study should be noted. First, we excluded short-stay residents who did not remain in the facility long enough for a first quarterly assessment. Hence, our findings may not be generalizable to this component of the nursing home or skilled nursing facility population. Second, there may be underreporting of falls and fractures in the MDS (37) . We also cannot be entirely confident about the completeness and accuracy of how residents were characterized regarding pre-admission falls and hip fracture. However, there is no reason that these potential issues of under ascertainment would differentially affect residents in one BMI-based category versus another. Third, we had no information on the number of fall events that occurred or exactly when the fall occurred. There was also no information on the circumstances of the fall, or whether the resident was using an assistive device, such as a cane or walker. Moreover, our models could only include demographic, clinical, functional, and medication data available in MDS. It is possible that there are additional unmeasured confounders that could account for the observed associations. Finally, as the risk for osteoporosis is inversely related to BMI, that association may be a mediating factor in relation to the protective effect against fracture, but this would not be the case for falls.
The findings of or study are thought provoking in a number of ways. While reducing the occurrence of falls and serious fallrelated injuries are important goals relevant to quality of care in nursing homes, the reduced risk for these events in more obese residents may present an interesting paradox. The challenges of providing care to obese residents and the limits of staff availability may lead to less attention being given to promoting mobility and activity among these residents. This may create a situation where less attention to a resident's needs leads to a result considered to be more desirable from a quality of care standpoint. Future studies are needed to explore possible explanations for the associations we report in our study, including reduced mobility and activity in obese residents of nursing homes, and the overall to develop appropriate guidelines for the care that this growing population receives.
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